Objective: To examine whether being uninsured is associated with higher in-hospital postoperative mortality when undergoing surgery in the United States for a brain tumor.
I
NEQUALITIES IN HEALTH CARE CONtinue to be a matter of public concern. As new legislation is being developed to improve health care access in the United States, an examination of factors that give rise to differences in health outcomes would be especially informative. Insurance status may be associated with differences in specialized medical and surgical care. For many surgical procedures, including hypophysectomy, 1 lung resection, 2 coronary artery bypass, 2 and gastrointestinal procedures, 2, 3 nonprivately insured patients fare worse postoperatively than privately insured patients. The mechanisms responsible for insurance-related disparities have not been identified, but public health efforts could be targeted more effectively if more about them were known.
Limited research has examined insurance-related disparities in patients undergoing surgery for brain tumors. Approximately 612 000 people in the United States have a diagnosis of a primary brain or central nervous system tumor. 4 Malignant brain tumors cause 13 000 deaths annually 5 and have a 5-year survival rate of approximately 35%. 6 Existing therapies only modestly extend survival. Even small improvements on this prognosis might be meaningful, regardless of whether they are achieved by medical advances or nonclinical means, such as public health efforts.
We hypothesized that after craniotomy for brain cancer, uninsured patients experience higher rates of inhospital death compared with privately insured patients. To evaluate this hypothesis, we analyzed in-hospital mortality rates in the Nationwide Inpatient Sample (NIS), the largest all-payer inpatient database. Because any disparity could be attributed to baseline differences in overall health, we decided to include a subset analysis of patients with no major comorbidity. Furthermore, we controlled for possible patient clustering effects that could arise from differences in access to care.
METHODS

PATIENT POPULATION
This is a population-based, retrospective cohort study of patients hospitalized for surgical treatment of brain cancer in the United States from January 1, 1999, through December 31, 2008 . The data source was the Agency for Healthcare Research and Quality's (AHRQ's) NIS. The NIS contains all patient records from a stratified sample of 20% of nonfederal short-term hospitals in 37 states. The sample is representative of hospitals in these states along the parameters of region, urban vs rural locale, teaching status, bed size, and public ownership. The last 10 years of data were thought to be the most appropriate timeframe to analyze because they are most reflective of the current state of Medicaid recipients and the uninsured. Significant changes in the economy and government support programs for the poor occurred during the mid-1990s, and these changes could percolate into the ability to access health care through mechanisms that are not identified or understood. This publicly available, deidentified database was exempt from review by an institutional review board.
PATIENT SELECTION
Patients 18 to 65 years of age were included if they had a diagnosis consistent with a brain tumor per International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes; were admitted for a craniotomy per ICD-9-CM procedural codes; and had private insurance, Medicaid, or no insurance (eMethods 1.1 and eTable 1 [http://www.archsurg .com], as well as Figure 1A) . Patients older than 65 years were not included because age-related factors in this population could exert the dominant influence on postoperative prognosis. Patients younger than 18 years were not included because younger patients are affected by different types of brain tumors than adults (eMethods 1.2). Patients with Medicare were excluded because individuals younger than 65 years are not eligible for Medicare unless they are in a severe medical state. Eligibility for Medicare for individuals younger than 65 years is limited to those who are permanently disabled (for Ͼ2 years), have end-stage renal disease, or have amyotrophic lateral sclerosis. Patients were excluded if data on insurance type, race, admission type, sex, income, length of stay, and/or survival status were missing (eMethods 1.3 and eTable 2).
COVARIATES
The primary variable of interest was insurance status, classified as private, Medicaid, or uninsured (eMethods 1.4). Patient characteristics that were studied included admission type, age, sex, race, income, malignant vs benign tumor characteristics, and year. Admission type was classified as emergent, urgent, or elective, as defined by the AHRQ criteria. Race was assessed because prior studies [7] [8] [9] [10] reported that African Americans have less access to neuro-oncologic care and poorer neurosurgical outcomes. Race was classified according to categories predefined by state inpatient databases from which the NIS derives. Available categories were white, black, Hispanic, Asian/Pacific Islander, Native American, other, or unspecified. Patients classified as other or unspecified were not analyzed because it is difficult to infer the racial composition of this group. Income data from 1999 to 2002 were supplied as a range and were merged into income quartile data from 2003 to 2008 (eMethods 1.5).
ROLE OF COMORBID CONDITIONS
For each medical record, we determined whether a major medical comorbidity was present using the Elixhauser method. 11 The Elixhauser method is designed to minimize the possibility of mislabeling as a comorbidity a condition that was, in reality, related to the primary reason for the hospitalization (as reflected in the principal diagnosis), the severity of the principal diagnosis, or a complication of care. For example, a patient who was hospitalized for a kidney transplantation could not be assigned renal failure as a comorbidity under the Elixhauser method because these 2 entities have a high likelihood of being related. More important, an Elixhauser comorbidity must not relate directly to the diagnosis-related group assigned to the patient, thus maximizing the likelihood that the comorbidity patients underwent a craniotomy for a brain tumor; were 18 to 65 years of age; had private insurance, Medicaid, or no insurance; and had no missing data. B, For the subset analysis of patients with no major medical comorbidity, 17 892 records were excluded because of the presence of a comorbidity or missing comorbidity data, leaving 10 689 patients with no major comorbid condition.
is a discreet and separate condition from the primary diagnosis. The Elixhauser method has been shown to capture most comorbid conditions experienced among surgical admissions and may be superior to the Charlson/Deyo method when administrative databases are used to study surgical populations.
12, 13 Elixhauser comorbidities were determined for each patient through an established series of algorithms that are available in software from the AHRQ.
14 Comorbid medical conditions presented one possible confounding element because insurance companies may disproportionately enroll patients in good health (the insurance selection bias), and simultaneously these patients are less prone to die of their medical state than patients in poor health. 15 It was problematic to control for the effects of comorbid disease statistically for several reasons. First, the number of possible comorbidities is large, even with Elixhauser classifications. Second, the interactions of these conditions are complex and probably lack consistency from patient to patient. Third, there is no information on the severity of each comorbidity or how well it was managed. Poor management of comorbid conditions (in particular, hyperglycemia) decreases survival of neurosurgical patients. 16, 17 For these reasons, it was believed that any attempt to model comorbidity would require strong assumptions, which are unlikely to hold and whose violations could drastically influence any inference. Instead, an alternate approach was used to isolate the effects of insurance status from those of comorbid conditions.
We asked whether an insurance-related disparity observed in the full patient cohort would also be present in a subset of patients in whom it is not likely for comorbidity to be a confounding factor: those with no known comorbid illness. The presence of a disparity in this subset would argue against differences in baseline health as being the causal mechanism for differing outcomes. In addition, this subset would be relevant to study because, in practice, patients with a high disease burden (aside from the intracranial disease) are often excluded from neurosurgical consideration because of the added risks of operative intervention on an already precarious medical state. Therefore, the subset of patients with no Elixhauser comorbidity was isolated and studied (eMethods 1.6 , eTable 3 , and Figure 1B ).
STATISTICAL ANALYSIS
The outcome of interest was in-hospital death. Results were reported as odds ratios or hazard ratios (HRs), comparing nonprivately insured groups (Medicaid recipients and uninsured patients) and privately insured patients. An unadjusted logistic regression was performed first on the full cohort and next on the subset of patients with no comorbidity. Subsequently, an adjusted analysis was performed on the subset of patients with no comorbidity. A Cox proportional hazards model was used because time to event (death or discharge) can be derived from the length of the hospitalization (eMethods 1.7). The model was stratified by hospital and adjusted for admission type, age, sex, race, income, malignant vs benign tumor characteristics, and year. All tests were 2-sided, with a type I error rate set to .05. Models were checked via visual inspection and statistical tests for proportionality based on Schoenfeld residuals.
18 R (version 2.12.0, The R Project) was used for statistical analysis.
RESULTS
STUDY COHORT
The full study cohort was composed of 28 581 patients, of whom 23 051 (80.7%) had private insurance, 3685 (12.9%) had Medicaid, and 1845 (6.5%) were uninsured ( Figure 1A and Table 1 ). The mean age of all patients was 48.5 years, with privately insured patients having a mean age of 49.0 years, Medicaid recipients having a mean age of 45 years, and uninsured patients having a mean age of 48 years. Almost half of the patients were male (13 19 A total of 79.1% of cases took place in teaching hospitals. All baseline characteristics differed significantly by insurance type because even small differences in these categories could be detected statistically because of the large number of patients. Baseline characteristics of the full cohort were similar to those of the subset with no comorbidity (Table 2 and Figure 2) . A slightly higher percentage of the latter was insured privately (83.0%) compared with the full cohort (80.7%). In addition, the mean age of this subset was approximately 5 years younger than the full patient cohort because comorbidity becomes more likely with age.
UNIVARIATE ANALYSES OF POSTOPERATIVE OUTCOMES
In the unadjusted analysis of the full study cohort, lack of insurance and Medicaid receipt were associated with higher in-hospital postoperative mortality compared with private insurance ( Table 3) . The in-hospital mortality rate for privately insured patients was 1.3% (n = 295; 95% CI, 1.1%-1.4%) compared with 2.6% for uninsured patients (n = 48; 95% CI, 1.9%-3.3%; P Ͻ .001) and 2.3% for Medicaid recipients (n = 86; 95% CI, 1.8%-2.8%; P Ͻ .001). The overall in-hospital mortality rate of this subset was 1.5% (95% CI, 1.4%-1.6%; n = 429 patient deaths).
This insurance-related disparity was also present in the subset of patients with no known comorbid illness (Table 3 ). The mortality rate for privately insured patients was 0.7% (n = 65; 95% CI, 0.6%-0.9%) compared with 1.8% for uninsured patients (n = 12; 95% CI, 0.8%-2.8%; P = .005) and 1.6% for Medicaid recipients (n = 18; 95% CI, 0.8%-2.3%; P = .004). The overall in-hospital mortality rate of this subset was 0.9% (95% CI, 0.7%-1.1%; n = 95 patient deaths).
In the full patient cohort, other factors were also associated with in-hospital postoperative mortality, including admission type, age, sex, race, malignant vs benign tumor characteristics, hospital size, and hospital teaching status. However, in the subset of patients with no comorbid disease, only admission type, age, race, and malignant vs benign tumor characteristics continued to be associated with in-hospital postoperative mortality (Table 3) . Patients admitted nonelectively experienced higher in-hospital mortality rates compared with elective admissions (1.4% for urgent and 1.9% for emergent admissions vs 0.5% for elective admissions, P Ͻ .001). Race was also associated with in-hospital mortality (P Ͻ .001). Whites experienced a 0.7% mortality, whereas Hispanics and blacks experienced 1.3% and 2.0% mortality, respectively. In addition, an association was found between malignant tumors and postoperative death (P = .001).
MULTIVARIATE ANALYSIS OF POSTOPERATIVE OUTCOMES IN PATIENTS WITH NO COMORBIDITY
The subset of patients with no comorbidity was further examined to determine whether insurance-related disparities would be present in a multivariate analysis. With the use of a Cox proportional hazards model, controlling for patient demographics, admission type, malignant vs benign tumor characteristics, and year and after stratification by hospital, uninsured status was still associated with higher in-hospital mortality rates than private insurance, with an adjusted HR of 2.62 (95% CI, 1.11-6.14) ( Table 4 ). In the adjusted analysis, Medicaid receipt was not definitively associated with higher in-hospital mortality compared with private insurance. The Medicaid adjusted HR was 2.03 (95% CI, 0.97-4.23) ( Table 4) .
A post hoc subset analysis was performed on patients with no comorbidity in teaching hospitals. Teaching hospitals account for 79.1% of neurosurgical procedures and provide training for future generations of medical and surgical physicians. Within teaching hospitals, uninsured patients still experienced higher in-hospital mortality than privately insured patients (adjusted HR, 3.55; 95% CI, 1.41-8.95). However, Medicaid receipt was not associated with higher in-hospital mortality (adjusted HR, 1.63; 95% CI, 0.69-3.85). Nonteaching hospitals could not be analyzed reliably because they represented such a small portion of the sample size.
COMMENT
Among patients with brain tumors with no other major medical condition, uninsured patients (but not neces- sarily Medicaid recipients) have higher in-hospital mortality than privately insured patients, a disparity that was pronounced in teaching hospitals. These findings further reinforce prior data indicating insurance-related disparities in medical and surgical settings. 2, [20] [21] [22] These insurance-related disparities might be explained by 1 of 3 possible mechanisms. Insurance status could influence health outcomes by affecting (1) a patient's overall state of health, 20 (2) the ability to access care (affecting the acuity of disease presentation), [23] [24] [25] [26] or (3) the quality of treatment that is provided. 27, 28 With regard to the first possibility, we tried to control for the effects of comorbid disease as best as possible by studying the subset of patients with no recorded comorbidity. However, the reliability of comorbidity data for uninsured patients remains questionable. Uninsured patients are less likely to see a physician regularly, and there is probably a tendency for medical conditions to be undiagnosed in this group. These data may be problematic because hospital records often depend on what patients know and say when asked about their medical history. Furthermore, diagnosing some comorbidities in the acute care setting is not always straightforward; for example, high-dose corticosteroids interfere with blood glucose levels, and blood pressure values are routinely labile after craniotomy. With regard to the second possibility, there is no direct measure of disease severity in the NIS, but there was an indirect indication that uninsured patients may present with more advanced stages of brain cancer. Uninsured patients tended to undergo biopsy procedures more often than privately insured patients or Medicaid recipients (eMethods 1.8 and eTable 4). This finding may give some insight about disease progression because biopsy without surgery may be reserved for larger, more invasive tumors, particularly eloquent cortex, in sicker patients. This finding is reflected in a higher mortality rate in patients who undergo biopsy procedures alone (eMethods 1.8 and eTable 4). Third, it is possible that hospitals provide different care to uninsured patients, but our study does not prove this, and the available data do not support unambiguous conclusions or policy statements in this regard. We think it is important to mention this possibility because it might prompt health care professionals to reflect on this question of the quality of care that we provide to our patients. 29 The phenomenon of statistical clustering is unlikely to explain the insurance-related disparity observed in this study. A disparity may seem to be present if patients with a certain insurance status disproportionately seek care at hospitals that have poor overall outcomes (which arise independently of factors related to the insurance status of their patients). Alternatively, both the diagnosis of an operative brain tumor and lack of insurance could make it far more likely that a patient will be transferred to a tertiary care center, which may skew the population being cared for at teaching hospitals. This possible clustering effect, in which both the exposure (insurance type) and outcome of interest (in-hospital mortality) are associated with the same hospital type, may result in statistical confounding. 30, 31 A difference in outcomes that arises only from such clustering effects would not be genuine evidence of unequal care, although it may indicate variations in hospital choice or impaired access to highquality institutions. To minimize the possibility of confounding by clustering, we used a model that was stratified by hospital. In this model, the insurance-related disparity was still present, suggesting that clustering did not account for the disparity.
Putting our results in context with data from other medical specialties, there are several points to be made. First, insurance-related disparities are not unique to the field of neurosurgery. Uninsured patients fare worse than privately insured patients in the settings of critical illness 32 (higher chance of having life support withdrawn), ischemic or hemorrhagic stroke 21, 33 (higher mortality and neurologic impairment), myocardial infarction 21 (higher mortality), and physical trauma (higher mortality). 34, 35 However, it is not clear that enrolling in a state-funded health plan would help the uninsured because Medicaid recipients also seem to experience a simi- lar disparity in other settings, including pneumonia, 21 appendicitis, 36, 37 abdominal aortic aneurysm repair, 38, 39 limbthreatening ischemia, 39 and surgery for colorectal carcinoma. 3 Of note, this Medicaid disparity was also present in our full cohort but was not convincingly present in the adjusted analysis of patients with no comorbid disease, especially in teaching hospitals. This observation led us to wonder whether differences in baseline health contribute to the Medicaid disparity and, moreover, what would have happened if prior studies had analyzed patients with no comorbidity separately. Finally, there is the question of a disparity's effect size. With the advanced state of modern medicine, catastrophic outcomes are infrequent. In this setting, many of the high HRs reported in past studies and in this study originate from small absolute percentage differences. Although professional ethics compel us to be concerned with all inequalities, the question is whether correcting small effect size disparities should take priority over other promising strategies for improving public health.
Uninsured patients are a heterogeneous group and should not necessarily be thought of as being poor. Uninsured patients usually fall into one of several categories: (1) poor and/or unemployed people who cannot afford insurance; (2) individuals who qualify for Medicaid but have not yet signed up for it; (3) young, healthy individuals who choose to forgo insurance; or (4) selfemployed people at a broad range of incomes who are deterred by the high cost of individual insurance. This last group of patients is probably not small, as reflected by the fact that 1 of 5 uninsured patients in our study were in the highest income quartile. In addition, state- specific policies and procedures may give rise to regional variations in the demographics of the uninsured. Some states in the South make it extremely hard to enroll in Medicaid, and 70.6% of this study's uninsured patients came from the South. In contrast, Massachusetts has a universal insurance law that covers almost everyone except for a few mostly affluent, self-employed people who choose to pay a fine for not enrolling. These variations in patient demographic characteristics underscore the need for adjusting for socioeconomic variables, such as income status and geographic location, in studies of the uninsured. For this study, a retrospective analysis performed with the NIS database was the best available design. The NIS presented several advantages over other data sources. Its massive size was critical for a study of rare outcomes, such as in-hospital mortality. It is the only database with information on all patients regardless of payer, including those with no payer. 40 The NIS is amenable to statistical analyses that are stratified at the hospital level because its sampling method is based at the hospital level (not the patient level). Finally, the possibilities for a prospective design were limited by the low overall incidence of surgically resectable brain tumors, the rarity of inhospital mortality as an outcome, and the difficulty of obtaining a representative sample of the entire country. There are 4 limitations that could not be overcome. First, Medicaid and privately insured groups are heterogeneous in terms of what medical procedures they cover. Medicaid coverage varies by state, and private insurance varies by plan. Even some privately insured patients may not have adequate coverage for major surgery. Second, the patient follow-up interval was confined to the time between admission and discharge, although deaths that occurred immediately after discharge would also have reflected the quality of postoperative care. Third, no detailed information is recorded for tumor histologic type, anatomical location, grade, or stage, although such factors are related to treatment choice and mortality risk. Fourth, uninsured patients sometimes enroll in Medicaid during their hospitalization, and the rates at which this occurs may vary by state. The NIS classifies them as Medicaid recipients, although the more appropriate classification may be uninsured. It is difficult to separate these patients from other Medicaid recipients (eMethods 1.9 and eFigure).
Uninsured patients undergoing craniotomy for a brain tumor experience worse outcomes than privately insured patients, and this difference is pronounced in teaching hospitals. This variation in postoperative outcomes remains unexplained by hospital characteristics, including clustering effects, comorbid disease, or socioeconomic variations. This study did not exclude the possibilities that comorbid conditions are underdiagnosed in uninsured patients or that uninsured patients are presenting with more advanced stages of disease. 
